Objectives: To explore whether oropharyngeal dysphagia is a risk factor for community-acquired pneumonia in the elderly and to assess the physiology of deglutition of patients with pneumonia.
INTRODUCTION
Community-acquired pneumonia (CAP) is a common disease and a frequent cause of hospitalization and death among the elderly [1] . According to populationbased studies, the annual incidence rate of CAP in adults varies between 2.6 and 13.4 per 1,000 inhabitants, somewhat higher in elderly people [2;3] . Studies found old age as a relevant risk factor for the acquisition of pneumonia [4] . Other associated factors that predispose to CAP in the elderly include: lifestyle and patient characteristics such as smoking, alcohol use, poor functional and nutritional status, weight loss and use of immunosuppressants; co-morbidities such as heart diseases, renal diseases and chronic obstructive pulmonary disease; and environmental exposure such as secondhand smoke, gases, fumes and chemicals [5] [6] [7] .
We recently found oropharyngeal dysphagia was also a highly prevalent clinical finding in up to 23% of independently living older (>70 y) persons, 0.74% of them presenting signs of aspiration during swallow [8] . In these patients with oropharyngeal dysphagia, a decrease in the efficacy of deglutition was associated with development of malnutrition and a decrease in the safety was associated with high prevalence of respiratory infections during follow up [9] . Oropharyngeal dysphagia has been identified as a serious risk factor for developing aspiration pneumonia in frail older people [10] . The pathogenesis of aspiration pneumonia in immunocompetent adults has been attributed to pharyngeal colonization of respiratory pathogens and subsequent inhalation of infectious particles [11] .
Oropharyngeal dysphagia has also been proposed as an independent risk factor associated with CAP in the elderly [6;12;13] but this has not yet been proved.
Moreover, the pathogenic mechanism that leads to oropharyngeal dysphagia in the frail elderly and in neurological patients has been identified in recent years [14;15] . In 3 contrast, the pathophysiology of impaired swallow response of elderly people with pneumonia has not yet been studied.
The present study has two main objectives: i) to provide further evidence of the association between oropharyngeal dysphagia and CAP in the elderly and ii) to assess the pathophysiology of oropharyngeal dysphagia in elderly subjects with CAP.
METHODS

Case-control study
An observational case-control study was designed. The study protocol was approved by the Ethics Committee of Consorci Sanitari del Maresme (Mataró, Spain). Cases were defined as subjects ≥70 years with confirmed CAP that required hospitalization in the Hospital of Mataró from February 2008 to February 2010 and were consecutively included in the study as long as videofluoroscopic examination was available. We have described the criteria for the diagnosis of CAP previously [2] .
Patients from nursing homes or those that had been discharged from hospital 7 or fewer days before the onset of symptoms were excluded. For each case, two matched (by sex and age) controls without CAP were randomly selected from the list of independently-living older subjects assigned to the Cirera-Molins Primary Care
Centre in Mataró (Spain). All cases and controls were explored by the volumeviscosity swallow test (see the on-line supplementary material) to assess the clinical signs for oropharyngeal dysphagia and impaired efficacy and safety of swallow. Comorbidities and pre-admission functional capacity were also registered for all participants. were also measured [14] . c) CAP patients were followed through the electronic clinical records of the hospital of Mataró for one year or contacted by telephone one year after discharge in order to register death or readmissions caused by lower respiratory tract infections. If telephone contact could not be made, patients' family doctors were contacted.
Statistical analysis
Categorical variables were described as percentages and compared by the Chisquare test or the Fisher exact test when appropriate. Quantitative variables were 5 described as mean±SEM and compared by the Mann-Whitney U-test. As a measure of association between oropharyngeal dysphagia, impaired efficacy and safety of swallow and pneumonia, estimations of the relative risk through odds ratios (OR) and 95% confidence intervals (CI) were calculated. The effect of oropharyngeal dysphagia and impaired safety and efficacy of swallow on the risk of the development of CAP was adjusted by co-morbidities and pre-admission functional capacity in a multivariate model using logistic regression. Survival curves according to safety of swallow were compared using a Log rank test. Statistical significance was accepted if P values were less than 0.05. Statistical analysis was performed using SPSS 15.0 (SPSS Inc., Chicago, USA).
RESULTS
Case-control study
45 cases with CAP were screened during the study period and 9 cases were excluded because patients were discharged before the videofluoroscopic examination was available. 36 cases with CAP (81.22±0.77 years, 24 men) were finally included in the study and matched with 72 controls (81.21±0.53 years, 48 men). The univariate analysis showed that the prevalence of oropharyngeal dysphagia and clinical signs of impaired efficacy and safety of swallow were higher in cases than in controls (Table 1) . Cases also presented lower functional capacity than controls according to the Barthel Index (67.1 vs 97.4, p<0.001) and higher prevalence of chronic bronchitis/chronic obstructive pulmonary disease (COPD) and chronic heart failure. A multivariate logistic regression analysis showed an independent effect of oropharyngeal dysphagia related to the development of CAP 6 when adjusting for suboptimal Barthel Index scores (<100), chronic bronchitis/COPD and chronic heart failure ( Table 2) .
Pathophysiological study a) General characteristics and etiology of pneumonia. General features of patients with pneumonia are described in Table 3 . Most of them were treated with corticosteroids (55.6%) and beta (2) 
DISCUSSION
The most remarkable finding of our study was that oropharyngeal dysphagia is strongly associated with CAP and should be considered as an independent risk factor for CAP in the elderly. The clinical assessment of oropharyngeal dysphagia showed that prevalence of dysphagia and impaired efficacy and safety of swallow among elderly patients with CAP was very high compared to matched controls.
These clinical results were confirmed by the gold standard for swallowing evaluation, videofluoroscopy. The videfluoroscopic study showed that 52.8% of elderly patients with CAP presented severe penetrations or aspirations during swallow. We also observed a high prevalence of oropharyngeal residue in these patients.
Oropharyngeal residue is also an important finding, as it can predispose to oral colonization and post-swallow aspirations [18] . Finally, the oropharyngeal swallow response was severely impaired in our elderly patients with CAP. A severe delay in the oropharyngeal reconfiguration from a respiratory phase to a digestive phase, 9 caused by slow laryngeal vestibule closure and vertical hyoid motion, was the key parameter associated with impaired safety of swallow. Diagnostic etiology of pneumonia was achieved in half the cases. All patients with CAP and safe swallow presented Streptococcus pneumoniae as the etiologic agent of pneumonia. Most patients with impaired safety of swallow also presented Streptococcus pneumoniae as the etiologic agent, followed by Gram-negative bacilli. Taken together, our data strongly suggests that aspiration among patients with CAP is much more common than was believed and is a relevant pathogenic mechanism for older patients with pneumococcal CAP as well as for those with Gram-negative pneumonia.
Some studies have discussed the importance of aspiration and swallowing impairment in developing CAP [6;12] in elderly patients but, as far as we know, the present study is the first that evaluates the specific role of dysphagia as a predisposing and prognostic factor for CAP in the elderly and that assesses the mechanisms of the impaired swallow response of elderly patients with CAP.
Moreover, the assessment of dysphagia was made prospectively, both in cases and controls. The prospective evaluation of dysphagia is a relevant point because dysphagia is often underdiagnosed and several cases may be missed in clinical records. We used an accurate and validated clinical method for the clinical assessment of dysphagia, the volume-viscosity swallow test, and found that not only impaired safety of swallow is associated with CAP, but impaired efficacy of swallow is also a risk factor for CAP in the elderly. In healthy people, the effective clearance of most of pathogens from the oropharynx is due to effective salivary flow and efficient swallowing. Therefore, when the efficacy of swallow is impaired, a reduction in mechanical clearance occurs leading to oropharyngal residue, and potential pulmonary or oropharyngeal pathogens may colonize the oropharynx and be a 10 potential source of pulmonary infections [19] . Teramoto et al [20] reported that the prevalence of aspiration pneumonia in patients with CAP aged 70 and older was 60.1% using a wide variety of clinical assessment methods. We found a prevalence of oropharyngeal dysphagia among patients with CAP of 91.7% by means of the volume-viscosity swallow test and of 75.00% in the videofluoroscopic study, with 52.8% the patients having severe penetrations or aspirations during swallow. This is the first time, to the authors' knowledge, that a gold standard, videofluoroscopy, has been used to assess the prevalence of aspiration during swallow in elderly patients admitted with CAP. Prevalence of silent aspirations in our study was 16.7%. A previous study, using a radioactive tracer, found that the occurrence of silent aspiration during sleep was 71% in CAP patients whereas only 10% of aged matched controls aspirated [21] . The aspiration of small amounts of oropharyngeal secretions during sleep is a common finding in older adults[22;23] and usually happen without consequences due to preserved cough reflex, ciliary transport and immune system and to the low virulence of normal pharyngeal flora. However silent aspiration of large amounts during swallowing is an abnormal and serious finding that, together with several factors common in the elderly such as progressive decrease in pulmonary function, decline in host defenses, impaired cough reflex and increased oropharyngeal colonization with respiratory pathogens [19] , can lead to aspiration pneumonia. A key point of our study is that we elucidated the pathogenic mechanism of the aspiration process and impaired airway protection of patients with CAP through videofluoroscopy. Delayed airway protection caused by delayed laryngeal vestibule closure and vertical hyoid movement caused the aspirations and penetrations in elderly CAP patients. This impairment in swallow response is similar to that found in frail elderly patients [14] and patients with neurological diseases [15] and must be treated.
Our results show that impaired safety of swallow is a prognostic factor of mortality in elderly patients with CAP. These results agree with that found by Riquelme et al [12] and with one of our previous studies in patients with pneumonia admitted to an acute geriatric unit [24] . Again, use of the videofluoroscopy to determine patients with a predisposition to aspiration improves the diagnosis of aspiration pneumonia and confirms the results found by these previous studies using clinical records or clinical methods of screening.
A limitation of our study is that swallowing ability was not re-evaluated after discharge to assess whether these patients had improved after the acute condition and also those who had deteriorated over time. Therefore our design cannot exclude CAP as the cause of the swallowing problem. Another limitation was the small sample size. It was large enough to determine dysphagia as a risk factor for CAP, to characterize the swallow response of CAP patients and to evaluate the impairment of swallow response as a prognostic factor. However, the small size limits the microbiological and clinical comparisons between CAP patients with and without oropharyngeal dysphagia. Further studies are needed in this area including the assessment of the oral health status and the use of molecular strategies to improve the assessment of the oral microbiota in these patients. On the other hand, although cases and controls were matched by age and sex, they could not be strictly comparable in terms of co-morbidities, functional capacity or frailty. However, the multivariate analysis adjusted for the mentioned factors showed an independent effect of oropharyngeal dysphagia.
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In summary, we have confirmed that oropharyngeal dysphagia is a major risk and prognostic factor for CAP in the elderly. We have established its high prevalence by means of a gold standard and determined that the pathogenic mechanism of impairment of swallow response in this cohort of patients with CAP was delayed airway protection. Therefore, we propose universal screening for oropharyngeal dysphagia in elderly patients admitted with CAP and the adoption of strategies to assess and treat oropharyngeal dysphagia when aspiration is suspected. 
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